Recent Spln

Results & -
fijom the e

Detecto 'at RH IC

L

Astrid Morreale

. University, of California at Riverside
N - On behalf of the PHENIX collaboration




P?%X(:E_NIX Intrinsic Spin Violates our intuition:

How can an elementary particle such as the e be point like and
have perpetual angular momentum?

The Proton also has violated our intuition.
The Proton is composed of quarks, gluons and anti quarks.

We should expect the proton's spin to be predominately
carried by its 3 valence quarks

But as the EMC* Collaboration Found in 1980's
The 3 quarks are only responsible for a small part.

Which means the Proton is a more complicated object.
*Phys. Lett. B206,364 (1988).
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PH-<ENIX D Proton Picture

That nucleon has ‘a.largéian:or:n'élous magnetic moment proves that this is not
fundamental spin1/2 Dirac particle.

Nucleon Spin is Subtle: Quarks, gluons and their angular momentum caused by
their high speed motion within the nucleon are contributors to the Nucleon's spin.
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PH: “ENIX What Else Carries the Proton Spin
Longitudinal Spin Sum Rule: -AG, AY =are the
probabilities of finding a
1 1 parton with spin parallel or

S — anti parallel to the spin of a
longitudinally polarized
nucleon.

W-production Exclusive

-L_ :orbital angular momenta

(Pp) . processes
Double Spin (DVCS etc) of the quarks and gluons
Asymmetries
(pp,SIDIS) -0 : Difference of quarks with

parallel and antiparallel
polarization relative to

Transverse Spin Sum Rul
transversely polarized proton

Bakker, Leader, Trueman 1
Phys.Rev.D70:114001,2004 . :S -
X

2

Chiral-odd Fragmentation
functions (Collins,IFF,A)

Sivers effect??
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Polarized proton proton Collisions: A ©)C LAB

llustration by Sebastien Pamentier & Astrid Morreale

- RHIC provides abundant source of polarized protons and can collide
them at high energies.

-Each proton is an ample source of "glue”, can be used to probe the
gluon’s role directly

-RHIC's High Energies keep the interpretation of results clean using
pPQCD

-We have appropriate detectors to look at such collisions

Phenix is one of these detectors
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PH-<ENIX

FACTORIZATION —Accessing A g with Asymmetries
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Increasing X, p;

Hard subprocess asymmetries (LO)

Parton distribution Functions (PDF's): Probability density for finding a particle with a certain
longitudinal momentum fraction x at momentum transfer Q2. A non-perturbative object, it must be

measured!

Fragmentation Functions(FF): The probability for a parton to fragment into a particular hadron carryingg

certain fraction of the parton's energy
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PH-<ENIX Asymmetries: A" = Ao"/o

“ For A g the tools are measurements of helicity cross section
asymmetries A |

A Oy — 04 1 N, — RN,__  (N)Partcle Yields
AT, = = — - (R) Relative Luminosity
oy +or B FP, N+ RNy (PPolarization
Measuring double spin asymmetries in certain final {}—\ H }mﬁ?‘iﬁ; }m‘<
states are the most valuable ool o measure polarized e —— —

gluon (and quark) distribution functions in the proton.
reaction LD subprocesses partons probed

The most accurate way to do so is the study of those pp— s X | q7.99.99.99 —Jet X | Qg Qg

pp— X 97,499,949, 99 — 7X Ag, Ay

processes which can be calculated in the framework

of perturbative QCD. PP~ |- @i o Ag
pp— QQX | 90— Q0 97— QQ | Ag
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PH ENIX RHIC Relativistic Heavy lon Collider:

A CD Laboratory

Absolute Polarimeter (H jet) RHIC pC Polarimeters
T BRAHMS & PP2PP (§)

: v
Spin Rotators
Pﬁrti.ﬁl Si‘[ﬁ:riﬁ]l S!LH]EE

Strong AGS Snake I
_ LINAC

Pol. Proton Soures

500 wA. 300 ps
—h

2 » 10 Pol, Protens / Buneh

£ =20 T mm mrad

EDATER

200 McV Polarimeter =¥ e AGS Internzal Polanmeter

Rf Dipoles — ¥ AGS pC Polarimerers
HumnoSY | Polarization | Figure of
2 counter rotating accelerator storage rings Year | [GeV]| (recorded) [%] | Mert Pt
with collisions at six interaction points 2003 * 200 0.35 27 | 25.5nb-1
o - 2004 * 200 0.12 40 | 19.2nb-1
Siberian Snakes: Depolarizing resonances *

: . 2005 200 3.4 49 | 816 nb-1
are canceled out by rotating spin by 180 - H T

degrees each turn. 2006 200 735 55
2006 * 62.4 0.08 48 | 18.4 nb-1
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The PHENIX Detector

2007 PHENIX Detector Central Detector Acceptance: (I 1<0.35, ¢ = 2 x 1 /2):
y /Tt %n detection
— Electromagnetic Calorimeter:
PbSc + PbGIl, n <|0.35], =2 x 90°
o TUYITUC
— Drift Chamber
— Ring Imaging Cherenkov Detector
Muon Arms (forward kinematics (~1.1<| n [<2.4):
JIP
Muon ID/Muon Tracker (1 +u
TT 0
Electromagnetic Calorimeter (MPC)
Global Detectors:
* Relative Luminosity
— Beam-Beam Counter (BBC)
ZDC North = Zero-Degree Calorimeter (ZDC)
MulD Local Polarimetry - ZDC

ZDC South

|||| South Side View North Pseudorapidity
Spatial coordinate describing the angle of a particle relative to the beam axis it
is defined as n  =-In(tan(6/2)) where theta is the angle relative to the

beam axis. n does not depend on the energy of the particle, only on the polar
angle of its trajectory 10




N
PH-<ENIX
Asymmetries

< Accessing A g: Inclusive channels A (pp ~AX)
measurable at Phenix

Tt %: wide p; range, mixture with gg -X dominant at low p;

n , similar to mt °: different FF’s.
Tt *, mixture sensitive to qg -gX at high p;

o)

o

o)

o Multiparticle clusters (parts of jets), correlated with 1T %*

o Direct photons: p; range 6-20+ GeV/c, dominated by qg -qy
0]

JIg, p =, e (gg-ce)
% Other Asymmetries measurements at Phenix

o A, Left-Right Asymmetries of mo/mr*/h*, J/{ , forward neutrons
0 DLL Longitudinal spin transfer to Anti-A

o k; azimuthal asymmetries of hadron Pairs.

Astrid Morreale, Rencontres de Moriond
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oH ENIX 1T ° cross section measurement

PHENIX: 1t ° mid-rapidity, 200GeV
Phys. Rev. D 76, 051106 (2007)

5 10°F SR, <+ Agreement between data and
o 1N > 10 .~ u Tfn
5 AN o pQCD theory
g Ig_l E o o (tram’)/2
E 41k LIS .
0T 0N, “ Shows that pQCD and
T a2l T§ vt . . .
S0 N unpolarized PDFs determined in
S 0%k o . DIS can describe pp data
104%_ 10'52‘....|....|....|....|....|....‘|‘<...|....|....|.:
10°F T e Choice of fragmentation function
10°E sensitive to gluon fragmentation.
17 o pQCD
1u—o;_ (by W.Vogelsang) Parton distribution Functions (PDF's): Probability
= CTEQGOM PO KKP FF density for finding a particle with a certain
10°r Pi2 Py 20 NS longitudinal momentum fraction x at momentum
A I N N N U B W B N R transfer Q2. A non-perturbative object, it must be
g 1 3 AN 9.7% normalization uncertainty measured!
I~ B ; L is not included
g 05F
g‘ 0F :/,"‘.""m,f — =
]

0 2 4 6 8 10 12 14 16 18 20 encontres de Moriond 12

’V__
p. (GeV/c)
T PH:-<ENIX



% Asymmetries

Measured asymmetries for pp -1t °X Initial state parton configurations contributing

from Run 5 ,Run 6 to unpolarized cross section (Fractions)
Run3,4,5: PRL 93, 202002; PRD 73, 091102,

Phys. Rev. D 76, 051106 (2007), arXiv:0810.0694

Fraction of pion production
_ID.DE B - GHE.I.II dd {fﬁ=nﬂq} DDDE ! O 8 T T T T | T T F)I T F)l T T T T T T
G = L
q_I N - == GRSY AGD 1'5‘: ok __E_ % m |
[ GRSY AG=—1.05 i ]
0.04— [] Fam5 —0 (05— 06 |
S 1 1F 2 25 = i qe -
- # FunE P {Gevic) i \ """" SRR
0.021 i P _'
i I qq+qq+
ol Au o | i
u : {
-0 ﬂ"__ 0 N T e
-~ (a) 0 5 10 15p. [GeV]
1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I
2 4 6 S 10 12
W. Vogelsang et al.
P, [GeV/ic)

“ Asymmetry of combinatorial o -
bagkgroun}a estimated from sidebands * Dominated by gg for p<5,

and subtracted < qg for p;>5 GeV/c
S T
_ /09 Astrid Morreale, Rencontres de Moriond 13
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PH-<ENIX
Information from 1 ° Asymmetries

< Inclusive 1t ® A | cannot access A g(x) directly

0 Only sensitive to an average over a wide x range

0 No conclusions about moment of A g(x) possible without a model for its shape
< More (indirect) information from varying cms energies

0 Higher (500 GeV) - lower x

o Smaller (62 GeV) - higher x (and larger scale uncertainty)

0 Phys. Rev. D 79, 012003 (2009)) VS. XT=2pT/\/S
3 00r 3 0.1¢ \
‘5:0'03; ~ 0,08: —e— Run2006 62.4GeV o) -
- 62.4 GeV | —e— Run2005 200GeV S
0.06 0.06F
004" 004"
- - N
0.02 . 0.02 . !
0 E o]
-0.02 :_ -0.02:_ p,(200GeV)
- T 1 2 3 4 5 6 7 8 pl624cev)
0041 e NILL | | | | -0.04 1 ‘j j% T 1.'55 2 2?5 : 3 35
1 1.5 2 2.5 3 3.5 4 0 0.02 0.04 0.06 0.08 0.1 0.12
B.(GeV/c) ¥
T

Astrid Morreale, Rencontres de Moriond 14




T - Asymmetries

arts to dominate for p, >~ 5GeV and D* >D* >D*
Expect sensitivity to sign of AG, e.g., positive A" > A" > A"

< | PHENIX Preliminary _ +
0.08— —~— Ag =g input Tc
E PH ENIX
0.06[—
0.04—
= . GRSV - std
0.02— » _
E —— Ag = zero
E—
D T T
C Ag = -g input
-0.02—
-0.04
-0.06[— pp->7X,\5=200GeV
'0'08:_ A, scale uncertainty of £8.3% not included
C L 1 ‘ L1 L1 ‘ 1 L 1 L | L L1 1 | L1 L 1 ‘ 1 L 1 L | 1 L1 L
04, 5 6 7 8 9 10 11
p* (GeVic)
i 2] 0.1 -
< : - -
0.0 PHENIX Preliminary T
F PH ENIX
0.06 — )
= Ag =g input
0'04:_ Ag = -g inpu
0.02 |
= k]
C GRSV - std
0— »®
C Ag =Zero
-0.02—
-0.04—
0.06 pp->t X,\5=200GeV
-0.08 -
AL sca‘le uncer?ainty of I_FB.3% nolt includeld |
04, 5 6 7 8 9 10 11
pi (GeVic)

0_8 T T T T T T T T | T T T T | T T
0.6 F B .
I qg ]
04 .
] qq+qq+ |
0.2 —
I & ]
O I I, I, L 1 | 1, I, L ] I 1 I, I, L I L l |
0 5 10 15p. [GeV]

Char&ed pions above 4.7 GeV identified
with RICH.

At higher p;, qg interactions become
dominant: A qA g term.

A, becomes significant allowing access
to thesignof A G

asuta viorreale, Rencontres de Moriond 15



PH ENIX
Information from 11 *- Asymmetries

+ 101 . 9.15 F
<  PHENIX Preliminary _ + < [ TC
0.08— —~— Ag =g input Tc B Ag = g input
- PH- -ENIX B
0.04— u
E » [ ] GRSV - std B
0.02— L4 I— g = zero 0.05— GRSV - std
e R e T
o B
C Ag = -g input B
-0.02— D BEE=—sam oo et eSS
C L Ag = -g input
0.04— L
-0.06 ;— pp->1 X,y5=200GeV 0.05 :_
0.08 - A, scale uncertainty of +8.3% not included B
- L1 | L | L1l 1 L | | - ‘ | - ‘ | - | L L1l 1 | L L1l 1 —
-0'14 5 6 7 8 9 10 1 -0 o b b b b b b b by by
p* (GeVic) 10 2 4 6 8 10 12 14 16 18 20
T p_ (GeVic)
w2 01F - T
< - . .
o_nngHENL&fL‘?l'm'"ary T e
= PH ENIX JF _
0.06 :_ Ag =g input B TE
0-04; Ag =-g inpu D'1j
0.02 __j__,__-——-——'_'__'_—__ C Ag = g input
D: — GRSV - std 0.05—
E T Ag = Zero B Ag = -g input
-0.02— B
- o GRSV-std .~ |
0.04 :_ B Ag = Zero
-0.06— pp->nX,\s=200GeV B
= -0.05—
-0.08— B
AL scalle uncertainty of ‘i3.3% not includeld | -
-0.1 : : : ‘ : : : ‘ : : : : : : : : : : : : ‘ : : : ‘ : : : _I 11 ‘ L L 1 | L L L | 11 1 | L L 1 | 1 L L | 11 1 | L L L | 1 L L ‘ 11 1
4 5 6 7 8 9 10 1 0.
2 4 6 8 10 12 14 16 18 20
pj (GeV/c) p, (GeVic)

< Inclusive t *-9 A | has access to sign A g(x) directly

R/

< “Model independent” conclusion possible once enough data is available. 16
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PH  ENIX

“ Provide access different x range

© O O O

o

0]

Thresholds
JW g pon

range (forward arms)

Prompt vy : no fragmentation z=1

could help

( disentan
different quarks an

the gluons.

Rare channels with large background
Need more luminosity

04—

0.2

Run 5 PHENIX Preliminary

PH)(EN lx Run 6 PHENIX Preliminary

GRSV-max

le the contributions from the

1.2

Information fromy , 4 ,n, e Asymmetries

FE s

1
0.8

~—~

X

o) 0.6

g 04

X

0.2
0

-0.2

I IIIIIII-
.
[y

A) X/_\._G(x,4 GeV?), NL
(B) ____

prompt photon

0.001

0.01

0.1
X

1

I [ dpsi:y[=12-24 | 'Heavy Flavor Asymmetry |
4 8:3% scale unceftainty ngt included 0.15 —~ 0.2
04 [ 9.7% slcale um::lzrt.alr‘lt'iI n tmclud::d | - B in: k —_— Aﬁ(lﬁi): GRSV std PT-IV’E_NIX
T [ ursi o PHENIX Prellminary EEaa L A% (0°): GRSV Ag=0
5 P t U E [IRLSV S
- p, (GeVic) By A PoaT gq" : A% (p%): GRSV max
: Sys. Er 0.1 ATT(p2): GRSV min
0.15 i ; r
[ -= PHENIX Runs 0'05__ g 0.05— T
- —&- PHENIX Runé B E
ol i (CSM: GS-A) I IT-
. ~— | - i b e b 5 _
g PH ENIX AgLGRSV-Max & : o R 'T L L L
0.05 i -0.05
- l Ag=GREV-Min -0.05 i ‘
V_std N —~— -0 1 PHENIX Preliminary
o—+ 4 : i PHENIX a1 :
+ TI l 0.1 Scale Uncertainty of +/-40% not Included
L B [ ] O gt i gy g B e o | S g ey e S
Bl i b o5 1 65 2 25 3 a4
.05] : pt (GeV)
i et sl S R R R u
0 1 2 5 6 7 8 9 10
0.1 Py
P T S B T Astrid Morreale, Rencontres de Moriond
4 5 7

8 9
[ (GeV/c)



Y =
PRZFENIX Global Analysis of Polarized PDF's.

L)

ZN

o0

* Results from various channels combined into single results for A G(x)
** Correlations with other PDFs for each channel properly accounted

** Every single channel result is usually smeared over x [ global analysis can
do deconvolution (map of A G vs x) based on various channel results

“* NLO pQCD framework can be used

“* Global analysis framework already exist for pol. DIS data and being
developed to include RHIC pp data, by different groups

o0

o0

One of the attempts of global analysis by
AAC Collaboration using PHENIX 11 °
-Preliminary data

Now Run5-Final* and Run6-1t 0 data are

available. *Preliminary has now been used in
DSSV Global Fits

Astrid Morreale, Rencontres de Moriond
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PH ENIX _
A G(x) Global Analysis Latest Results

RHIC data set significantly A first demonstration that p-p data can be included
—constraintson thegluonheticity ———— in a consistent way in a NLO pQCD calculation.
distribution . _ _ o
LI R | T T T T T THIIIT T T Iy T T Iy T T T TT1IM] - |nC|USI0n Of theoretlcal uncertalntles and the
L A F xad ] treatment of experimental ones should and will be
0.04 | JF - 0.04 ) .
I ] ] improved”-
0.02 JF - 0.02
. ] ] -Flavor dependence of the sea. SU3
B S " symmetry breaking. ??
OOEE sy o E 100 Machine Development for this program is
 oq L---- DNS DSSV 4’1 qb E going on as we sit here!!!
O Grsv DSSV :.f f 2oef 17004
[l ol [l il ual
[ Ty T ':_;x""“"l T
004 | XAS Jp xa8 . - ]
[ ] e, I1 0.2 — — 15
0.02 F . TN - - 2
e Al 4 o B 7 ﬂxi
0= L "'.".._.l' : :
: : = N [ — 10
00z - ; i |
3 - -_ I:I 1 — —
amlE A2 72 JE = = GRSV max. Ag : B .
[ Q =10 GeV 1B+ GRSV min. Ag _-' -0.2 B ]
T BETETETTITY BT T | niP T IS T BT R — — 5
107 T 10°? ' - g
FIG. 2: Our polarized sea and gluon densities compared to ] [ _] 0
previous fits [6, 8]. The shaded bands correspond to alterna- -
tive fits with Av* =1 and .ﬂ.\hgf-“'\z = 2% (see text).
1.[0.05-027]
Ag

Global Analysis of Helicity Parton Densities and Their Uncertainties (de Florian, Sassot,
Stratmann and Wogelsang )Phys. Rev. Lett. 101, 072001 (2008)
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}i':'ransverse Spin: Origin of the A Single Spin Asymmetries.?

Vs=19.4 GeV, Huge A, measured at E704-FNAL!!!
p=0.5-2.0 GeV/c

T T '~ E704, PLB261 (1991) 201.
O Ly {, n *- - E704, PLB264 (1991) 462
L ptp-T _ . .
¢ Increase linearly with Feynman x (x;).
0.2 d P L
N @ ¢ ¥ ] * Extremely bigger than expectation!
= z ¥
F i
Or* @ Whatis the p, dependence?
I o l |
—0.2 |~ o ® 3 ] *  Measure at RHIC? Vs =62,200GeV.
- o % -
— T =° — _P.n_2E_
A TP R B L3 Xp — =~ \/7
0O 0.2 0.4 0.6 0.8 Pz S

Xp




How to measure A?

Right  Azimuthal asymmetry is measured by
Double arms detector (Left-Right)

Pt yNENR - INENE
_______ i N R L
N pol JYNEN® + INEN

Square root- formula

e

Top view

* Normalization by beam
polarization is crucial.

Right

17/03/09 Astrid Morreale, Rencontres de Moriond 21
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PH ENIX

0.15

0.1

0.05

-0.05

% Ay atlarge x:

| pi+p T *+X at Vs=62.4 GeV

PHENIX Preliminary
20% polarization uncertainty on A, scale
10% energy calibration uncertainty on x_ scale

* 3.0<n <4.0

‘}'}

{p;) =056 067 084 0.98

IIII|IIII|IIII|II
———

————
—il—

- [

[ | | | | PH ENI|X

-0.6 0.4 0.2 0 0.2 0.4 0.6
X

F

0.8 T

PLB 603,173 (2004)

Transverse Spin

04

I g J
02 W \ i

0

IR ISR SN SNNNVEN [N ST ST ST S N SO SO S S '

qq+qq+ ..

30 60

“E_[Gev1™

proces%ontribution to 1m0, n =3.3, vs=200 GeV

i p'+p T +X at Vs=62.4 GeV

= —
| PHENIX Preliminary o
| 20% polarization uncertainty on A _ scale P 028034 044 0.54
0.15— 10% energy calibration uncertainty on x scale
| v n>35 ¥
- & <35
01— {
0.05 % i { 2
oL l i ¥ {p,)= 064077 097 1.16
i } l ; f
B —
1 | | | | |F'I'I ENI|X
V0558 04 02 04 06
Xg

Asymmetry seen in positive x-(direction of polarized beam), but not in negative x.
Large asymmetries at forward x. - Valence quark effect?
Xs, P, VS, and dependence provide quantitative tests for theories

Astrid Morreale, Rencontres de Moriond

22

N
PH:-<ENIX



'“wv—

PH - ENIX Transverse Spin
Mid-rapidity A, of T ° and h* for y~0 at Vs=200GeV

= 0.2

< n PRL 95, 202001 (2005 ' 08 L B
o © b ’ ( ) PH ENIX - T PLB 603,173 (2004)
0.15H v h- p'+p -7t °+X at Vs=200 GeV/c? : : _
-l o q0 06 E _
0.1} [ . ]
n.osf— 0 04 |7
7Y PURPSS SO S SN I [
: #9 : ﬁ o L
-0.05) [
0.1f- °
0.15F. A, scale uncertainty of +35% not included process contribution to 1t ©,
- n =0, Vs=200 GeV
_0_2 0 I I T T AT O T T A A A N A A N N MR N N B A A A
0.5 1 1.5 2 2.5 3 35 4 4.5 5
p- (GeVic)
o

« Mid-rapidity data at small p; sensitive to gluons, constrains magnitude of gluon

Sivers function (Anselmino et al., PRD 74, 2006)
*What happens if qq sets in (valence quarks) at high pT?

Astrid Morreale, Rencontres de Moriond 23



'“wv—

PH - ENIX Transverse Spin
Mid-rapidity A, of T ° and h* for y~0 at Vs=200GeV
0.04-
- Ax. ht/h #  pos. Hadrons (2005)
0.03= ' o neg. Hadrons (2005) 08 g
- O pos. hadrons (2001102, publ) :  PLB 603,173 (2004)
0.02= O neg. hadrons (2001102, publ) Ny
- & pos. hadrons mean (pt-shifted) i j
0.01 = k ’ & neg. hadrons mean (ph-shifted)
D: g$ F- ﬁ 04 .
001 %
E 02 .
0.02E ]
— |
-u.uaZ—PHENI ! 0 R T R
= X pr . 0 5 10 15p_ [GeV]
-0.04 = E'hm,'n process contribution to Tt °,
2.05E- dry n =0, vs=200 GeV
:I | 1 1 | I | | | I | | | I | | | 1 ] | 1 ] ] | I | | I | | | I | | | I |
0805 1 15 2 25 3 35 4 45 5
o

- Mid-rapidity data at small p; sensitive to gluons, constrains magnitude of gluon

Sivers function (Anselmino et al., PRD 74, 2006)
*What happens if qq sets in (valence quarks) at high pT?
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Transverse Spin
A, of J/Y at vs=200GeV
< o2f
s vszameey - For open charm production
0.15F pp— Jiy X PHENIX : . . :
""E <p,>=16 GeVic (outer points) . --quark Sivers function set to its maximum
0AE  <p = 1.5 GeVic central point) Preliminary gluon Sivers function set to 0
0.05F-
of {- }
-{I.USE—
-0.13— !
= « 0.3
-0.15;— fﬁ]_zﬁ | Al inax fnrt:l hadrons
3 = PRD70(2004)074025
b S T T I 0.2
-0.15 01 -0.05 o 0.05 01 0.15 . .
Xp 015— ha :
< May provide insight to “E
J/Psi production mechanism, E — _J/
< Sensitive to gluon Sivers as produced "%
through g-g fusion 0.0
+ Charm theory prediction is available Py p=1.5GeV/c
o How does J/{y production affect P . . . el
prediction’? D& 06 04 0.2 0 0.2 04 0.6 ;Jr.s
Phys. Rev. D 78, 014024 (2008)
Astrid Morreale, Rencontres de Moriond 25
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First Look at Transversity with IFF (Interference Fragmentation Function)
Phys. Rev. Lett. 80, 1166 - 1169 (1998), Nuclear Phys. B 420 (1994)565

3 0.05¢ -
‘Efumf_ PHENIX Preliminary 2006 p+p \s = 200 GeV I ::;nf'
0035 ™MW p > 1GeVic, jj <035 e h.:.
0.02 +
*Find all hadron pairs 00t | ﬁ l #ﬁ
— | | | )
(h*/19), (h-/7®), (h*/h") el # T | *
. 0.01—
on the same side of the detector wab.
-0.035—
*Assume all hadrons have a pion mass  0.0a= (scate uncertainty 5% not nctude)

KO:I_JT} | GeV/c, h: l{pl-{-'-'l.? GeV/c R ¥ ¥ R B ¥ RV R— Y

m, (GeV/c?)
s 0151 :
-Calculate the asymmetry and the %5 [ PHIENIX Preliminary 2006 p#p \S = 200 GeV e
i . T ®,K",h:p >1GeVic, 1] <0.35 —®—h
analyzmg power: ll.1E M{zﬂﬂ_nee\?&z e
0.05
1 N (h) — E-“J’"l' () : - J+ i | | Jf \i
tr @)= LB ID gy e E
P Ny(@) | RN (@) pywa *
-0.15—
[ (Scale uncertainty 5% not included)
R T S S S A

id Morreale, Renco P, (GeVic)
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0’0

Summary

PHENIX is well suited to the study of spin physics with a wide variety of
probes.

o Inclusive 1t ° data for A | has reached statistical significance to constrain AG
in a limited x-range (~0.02-0.3).

Need more statistics (RHIC running time) to explore different (rare)
channels for

0 Different gluon kinematics
o0 Different mixtures of subprocesses

Global Analysis of many channels together with DIS, SIDIS data will give
us a more accurate picture of A g(x)

Upc?(ming W program will give more information about anti-quarks,
quarks.

PHENIX has an upgrade program that will give us the triggers and vertex
information that we need for precise future measurements

of A G, A q and new physics at higher luminosity and energy

Astrid Morreale, Rencontres de Moriond
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Y ~Asymmetries:The Golczn Channel

E‘L\L[ﬁ\irect‘ﬂ

of T [
) iy
=] s L 1
e T« _
- LIJ ] | GRSV-max oo | :
0—- ----:Tl;:::::[l‘.'.'.'.'.'.'.'. : |
B % 04 | B
02 'l : _
- 02 qq+ gg + .
Q4 g7, ilﬂii ::E:E!:;: Hﬂﬁlﬂﬂ;ﬂ | | B
’ ’ 0 " p, {E‘ew::] 5 v P pr [GeV]

Dominated by qg Compton:

- Small uncertainty from FFs

- Better access to sign of A G (A qA G)
-Clean “Golden Channel”.

-Rare Probe:Luminosity Hungry

prompt photons
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4 0.05
g [ YT
= PHEENX e
§ I
.07 §
Fo * GRSV standard
B GRSV Ag=0
-0'057 — GRSV Ag=-g
i PHENIX Preliminary ¢ AL()
= pp— h'X
04 \5=624 GeV
L No correction for ~7% contribution
r from short-lived particle decays
) 15; +13.9% polarization uncertainty not included
7\\\‘\\\\‘\\\\‘\\\‘\\\\‘\\\\‘\\\‘\\\\‘\\\\‘\\\
0 15 2 25 35 4 45 5
P (GeVic)
40.05
< [ ~—
r PH-ENIX
L T """" GRSV standard
r GRSV Ag =0
'0'057 —GRSVAg=-g
i PHENIX Preliminary L AL
L p+p— h+X
01 \5=624 GeV
L No correction for ~7% contribution
r from short-lived particle decays
045 ; +13.9% polarization uncertainty not included
7\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
0 0.5 1 15 2 25 3 35 45 5
8 (GeV/e)

-4 0.05
N # l ‘
-0 B % ¥ I l ‘

B |

-0.05— .
B * Ay (h)
~ o Ay (h)

01— A, (° at 200 GeV)

- Comparison WithI[1° A | P

-0.15—
B | 1 1 ‘ | 1 1 | | 1 | | 1 ‘ 1 | | 1 | | 1 1 | ‘ 1 1 |
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16

Xy
. . . .
-Comparison with x; scaling of n° A,

-Consistency of asymmetries with results at
different center of mass energy.
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Transverse Spin
Other asymmetries at Vs=200GeV

5 ¥2 ! ndf 496/5 2 72 | ndf 1.347/5
E . R@R’ U|ts for A \/<I"' > po 0.03257 + 0.02412 Re UltS for A \/<k ﬁ 0.6719+ 0.3874
E PHUENIX « 0.6<p, <1.4 and 1.4<p, <4.0 Y en Y
015 . 0. 6<p <4.0 - PHZ<ENIX Preliminary _ PH/\ENIX Prellmlnary
- Systematic Error 03[ g
01— i 3 [
= T oz = L
0.05 S T S
g S o ! g F
e 0 N o O A4
OE LI % o L —
-0.05 T o ' . T o]
c o’ W=
0.1 01 T
0.15 % -
T A—prt \s=200 GeV p+p BeamPol=0.32 -0.3<1<0.3 0.2 & o
_0_2;— 18% scaling uncertainty due to beam polarization zmuéuH‘\‘.méuuéuu;u ,‘; ; & e ;iéé-‘fé;m
0 25 :\ 1 | L 1 L L | L 1 1 L | L 1 1 1 | L L L L | 1 1 1 L ‘ L L 1 1 | L L 1 L | PTt [GeVIc] PTt [GEVIc]

1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
pT(GeV/c)

0:0 Stra nge q ua rk Com po nents Via Spi n Tra nsfer ‘ Neutron asymmetry x. distribution with neutron trigger & MinBias

“In PHENIX the Self-analyzing decay channel (anti-\) < os PHENIX preliminary (00 2ic o0
has been found to be sensitive to the polarization of the PHENIX Statistial error is corrlated
anti-strange sea of the nucleon (See: hep-ph/0511061) 008 o e fo unfolding.

-5

<*Probing Orbital angular Momentum with k;
Asymmetries (See: Phys. Rev. D 74, 072002 (2006)

-0.05

“*Neutron asymmetries. (See:ar conf.Proc.915:689-692,2007 )

I!Wl[\l!

-0.1

. —

é;?\ﬂtiEIwUtron % + |

charged

0.03x,<p,<0.22x, (GeV/c)
1 ‘ |- | L1 1 | 111 I - ‘ L1 I 11| I L1
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SPIN Dependant Parton Density Functions

In a proton with positive helicity we can find a parton:

e
ol @)=

*We then Define Ag, Aq ., (Af) as the pr'obablll‘ry of finding a quark, gluon
or antiquark with spin parallel or anti parallel to the spin of the nucleon.

A q(x Q)
o

These integrals of A f multiplied by the spin of the parton f will give the
amount of spin carried by each parton*.

*i.e for gluons :  Amount of carried spin ~ A g*1
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Sivers effect and/or Collins- Heppelmann effect?

Theoretical approaches to
explain huge SSAs:

]
O Sivers effect ( kq is

connected to quark orbital Available Probes at RHIC
angular momentum). p'+tp2h+X Both mix
p'tp=2 di-jet+X Sivers?

O Collins effect (Analyzer of

- +p—>h+h+X (far side Separate?
transversity 0 q). PP ( ) p

p'+p—=2>h+h+X (near side) | Collins

O Twist3 effect which is related pHpDjet+X Sivers
to both 1nitial and final states.
Relation of Twist3 to Sivers
effect 1s introduced.

B ([W N [ —

N

pT+p9direct y +X Sivers
6 |p+p=2I'1"(Drell-Yan) Sivers

Relevance of Twist3 and Sivers effect 1s studied.

PRL97, 082002 (2006)
PRD73, 094017 (2006)
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LUMINOSITY

L= pv A I do 1 d’N
dt dQ L dQdt
Where
L is the Luminosity.
N is the number of interactions.
p is the number density of a particle beam, e.g. within a bunch.
o 1s the total cross section.
dQ is the differential solid angle.
da

d$} is the differential cross section

NNy

For an intersecting storage ring collider: 7 _ ¢,
A

f1s the revolution frequency
n is the number of bunches in one beam in the storage ring.
N. is the number of particles in each beam

A 1s the cross section of the beam.
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